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SOME NEW DOUBLE BROMIDES AND THEIR DIS
SOCIATION IN AQUEOUS SOLUTION.
BY NICHOLAS KNIGHT.
The purpose of this investigation is to study the condi
tion of double bromides in the presence of varying amounts
of water. The substances herein described are well
denned compounds, having a composition as definite and
a crystalline form as characteristic as any group of chem
ical substances.
The question as to the way these substances break down
in aqueous solution is an interesting one. Are they first
decomposed into their constituent molecules, and then
these molecules dissociated electrolytically by the water,
as a mixture of the two substances would be, or do the
molecules of the double salts exist as such in aqueous solu
tion? No satisfactory answer has yet been received.
The application of the conductivity method to the
problem of the existence of double salts in solution has
been made by a number of investigators. The conductivity
of solutions of the double salts, and also the conductivity
of solutions of the constituent were determined. On com
paring the sum of the conductivities of the constituents
with the conductivity of the double salt at the same dilu
tion, it is usually found that the conductivity of the double
salt is very much less than the sum of the constituents in
concentrated solution. Hence it is concluded that in such
solutions the double salt is only partially broken down into
the constituent substances. As the dilution increases the
differences become smaller and finally disappear, or nearly
so, indicating that in very dilute solutions the double salt
entirely decomposes into its constituents.
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A NEW DOUBLE BROMIDE OF SODIUM AND CADMIUM.
2 Na Br, 3 Cd Br,, 6 H,0.
The constituent bromides were brought together in proper
proportion to form the double salt 2 Na Br, 3 Cd fir,, 5 H20
which is described in the literature. A beautifully crys
tallized salt separated out, and it was supposed to be the
one described. The cadmium in the double salt was
determined.
FOUND FOUND
I. II.
Cd 30.0 29.6
The water was determined by drying a weighed portion
of the salt to constant weight at 160°.
FOUND FOUND
I. II.
H20 10. S 10.3
The bromine was then determined.
FOUND FOUND
I. H.
Br 56.47 56.63
The cadmium, water and bromine correspond to a salt
having the composition expressed by the formula:
2 Na Br, 3 Cd Br2, 6 HS0.
CALCU
LATED.
Cd 29.8
H2O 9.55
Br 56.59
The salt has the unusually high molecular weight of
1130.63.
A solution of the double salt was prepared and standard
ized by determining the amount of cadmium in a known
volume of the solution. From this standardized solution,
all the remaining dilutions were prepared thus: Solutions
2 to 6, and in some cases 2 to 7 were each prepared directly
from the standardized solution by measuring off the desired
volume of this solution into a measuring flask, and then
diluting to the required volume. Solutions 7 to 11 were
prepared from 6 directly in the same manner. Then No.
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11 was taken as the mother solution, and the remaining
solutions prepared in a similar manner from it. Dupli
cates of every solution were made and their conductivities
determined. All pipettes and measuring flasks used were
carefully calibrated by the method of Morse and Blalock.*
In measuring the conductivity of the solutions two cells
were used; one with the electrodes removed some distance
from one another for the more concentrated solutions, and
the other with the plates close together for the more dilute
solutions. In this way greater accuracy was possible.
The Ostwald modification of the Kohlrausch method was
used. The cells were carefully standardized with -g- potas
sium chloride (Mu V=129.7 at 25°) at the beginning of each
seres of measurements. The water used in the solutions
was prepared by the method of purifying devised by Jones
and MacKayf.
Solutions of the constituents were prepared and meas
ured in the same way as the double salts.
In tables V is the volume of the solution in litres which
contain a gram molecular weight of the electrolyte. Mu V
is the molecular conductivity at volume V. All the con
ductivity measurements were made at a temperature of
25°.
A solution of the double salts, sodium cadmium bromide,
was prepared and standardized by determining the amount
of cadmium in a known volume of the solution. From
the standarized solution all the remaining dilutions were
prepared.
•The American Chemical Journal, xvi, 479.
+The American ChemlcalJournal, xix, 91.
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Molecular Conductivity of 2NaBr,3CdBri (1022.63).
VOLUME. FIRST SERIES.Mu V25°.
SECOND SERIES.
Mu V 25°. MEAN.
2.443 132.8 132.4 132.6
4.886 187.4 187.6 187.5
9.772 248.0 248.2 248.1
19.544 315.9 316.0 315.9
39.088 387.Q 387.0 387 0
78.176 457.7 457.8 457.7
97.72 478.3 478.3 478.3
195.44 548.3 548.3 548.3
390.88 625.1 625.5 625.3
781.76 701.6 701.6 701.6
1563.52 780.0 781.6 780.8
3908.80 856.0 857.5 856 8
7817.6 910.7 910.7 910.7
15635.2 958.5 962.4 960.4
Molecular Conductivity of NaBr (103.0).
VOLUME. FIRST SERIES.Mu V 25°.
SECOND SERIES.
Mu V2S°. MEAN.
1 80.6 80.0 80.3
2 88.0 88.0 88.0
4 94.4 94.4 94.4
8 100.6 101.0 100.8
16 105.3 105.3 105.3
40 110.6 111.1 110.8
80 113.1 113.1 113.1
160 116 6 116.6 116.6
320 119.0 119.4 119.2
640 120.9 1-0.9 120.9
1600 121.1 121.2 121.1
A solution of purified cadmium bromide was standard
ized by determining the amount of cadmium oxide in a
measured volume. From this the remaining dilutions
were made in the manner already described.
Molecular Conductivity of Cd£r, (272.21).
VOLUME. FIRST SERIES.MuV25°.
SECOND SERIES.
Mu V 25° . MEAN.
2.60 41.3 41.3 41.3
5.20 57.4 57.4 57.4
10.40 75 7 75.7 75.7
20.80 95.0 95 2 95.1
41.60 115.3 115.4 115.3
104.0 144.1 144.3 . 144.2
208.0 166.1 166.0 166.0
416.0 188.9 188.7 188.8
832.0 209.3 209.3 209.3
1664.0 228 3 228.2 228.2
3328.0 242.5 242.3 242.4
6656.0 256.3 256.0 256.1 4
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In comparing the conductivity of the double salt with
the sum of the conductivities of the constituents twice the
molecular conductivity of sodium bromide at one-half the
dilution of the double salt is taken To this is added three
times the molecular conductivity of cadmium bromide at
one-third the dilution of the double salt. The reason for
this is apparent from the composition of the double salt.
Comparison for 2NaBr, 3CdBrt.
Volume. NaBr.MuV25°. Volume
CdBr.
MuV25°. Sam. Volume. 3CdBrs..MuV25°.
Differ
ence.
2.443 179.5 1.63 90.9 270.4 4.88 187.5 82.9
4.886 189.6 3.26 135.9 325 5 9.77 248.1 77.4
9.772 203 6 6.51 185.7 389.3 19 54 315.9 73.4
19.544 212 0 13.03 241.1 453.1 39.09 387.0 66.1
39.088 220.8 26.06 300.0 520.8 78.18 457.7 63 1
48.86 222.6 32.6 318.1 540.7 97.72 478.3 62.4
97.72 227.8 65.1 383.1 610 9 195.44 548.3 62.6
195.44 234.6 130.3 448.1 682 7 390.88 625.3 57.4
390.88 239.6 260.6 515.4 755.0 781.76 701.6 53.4
781.76 242.0 521.2 591.7 833.7 1563.52 780 8 52.9
1563.53 242.4 1302.9 657.9 900.3 3908.8 856 8 43 5
3908.8 242.5 2605.9 705.0 947.5 7817.6 910 7 37.8
7817.6 242.5 5211.7 750.9 993.4 15635.2 960.4 33.0
A NEW DOUBLE BROMIDE OF AMMONIUM AND ZINC.
3NH,Br,ZnBrs.
The constituent bromides were brought together in the
proportion to form the double bromide 2 NH4 Br. ZnBr.,
Hso as described in the literature. After about two months
100 grams of a well crystallized salt were obtained, and
this was analyzed. One anaysis showed the salt to contain
12.8 per cent. of zinc, and a second analysis gave 12.6 per
cent. The per centage of zinc in the salt 2NH4Br, ZnBr»
Hso is 14.9. It was concluded that either there was present
a second double salt containing more than two molecules
of ammonium bromide to one of zinc bromide, or that
ammonium bromide had crystallized out along with the
double salt. A careful examination of the crystals showed
that some were apparenty of different habit from the
5
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remainder, being relatively much longer. It therefore
seemed probable that a mixture was present. The attempt
was then made to recrystallize the salt. It was not possi
ble to obtain it a second time until a large quantity of a
solution of the mixture 2 NH4 Br, Zn Br, was added. The
salt readily crystallized out of this mixture, but again in
both the longer and shorter crystals. The longer crystals
were now separated mechanically from the shorter and
analyzed.
Calculated for Found Found
3NH,Br, ZnBr,. Longer Crystals. Shorter Crystals .
Zn 12.6 12.8 12.5
To determine whether the salt contained water of crys
tallization 3.4428 grams were heated for four hours in an
air bath at 130°. The loss was 0.9 per cent. The salt was
then further heated for four hours at 160° when a slight
decomposition took place. The total loss in weight
amounted to only 1 per cent. It was therefore concluded
that the salt contained no water of crystallization, the
slight loss of weight observed being due to water which
could not be removed by drying paper on account of the
hygroscopic nature of the salt.
The bromine in the salt was then determined by two
analyses and found to be 77.24 per cent. The bromine cal
culated for 3 NH4 Br, ZnBr, is 77.01 per cent.
A standard solution of the salt was prepared by determin
ing the zinc in a measured volume of the mother solution.
Conductivity of 3NfitBr, ZnBrt (519.37).
VOLUME. FIRST SERIES.Mu V 25°.
SECOND SERIES.
Mu V25°. MEAN.
1.623 280.1 280.5 280.3
3.246 367.2 367.2 367.2
6.492 417.0 418.1 417.5
12.984 458.9 459.0 458.9
25.968 496.1 496.2 496.1
51.93 518.6 518.6 518.6
64.92 524.9 524 9 524.9
129.84 552.0 553.0 552.5
259.68 570.8 570.9 570.8
519.36 596.4 596.8 596.6
1038.72 621.7 621.8 621.7
2077.4 641.9 641.9 641.9
2596.8 651.0 651.1 651.0
5193.6 675.9 675.9 675.9
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The molecular conductivity of ammonium bromide was
determined with a specimen which had been repeatedly
crystallized, starting with a large quantity of fairly pure
salt.
Molecular Conductivity of NH^r (98.02).
VOLUME. FIRST SERIES.Mu V 25°.
SECOND SERIES.
Mu V 25°. MEAN.
0.92 100.0 100.0 100.0
1.84 106.0 106.1 106.0
3.68 111.4 111.2 111.3
7.36 117.3 117.3 117.3
14.72 121.8 122.0 121.9
33.8 127.9 127.7 127.8
73.6 130.9 131.0 130.9
147 2 133.9 133.9 133.9
294.5 137.0 137.3 137.1
588.8 139.7 139.6 139.6
1472.0 141.3 141.1 141.2
The conductivity of zinc bromide in water could not be
determined directly, since the bromide is so readily decom
posed by water. By comparing a number of chlorides and
bromides we find the conductivity of the latter to be about
two units greater than the former for equal concentrations.
To obtain the conductivity of zinc bromide at any dilution,
.we have taken the conductivity of zinc chloride at that
dilution and added two units. This is, of course, only
approximate, but it seems the best that can be done under
the conditions.
Comparison for 3NHtBr. ZnSrt .
V.
NH,Br.
3 Mu V
25°.
V.
ZoBr,
MuV25°. Sum. V.
3NH,Br
ZnBr2.
MuV25°.
Differ
ence.
0.541 285.0 1.623 80.0 365.0 1.623 280.3 84.7
1.08- 303.0 3246 132.5 435.5 3.246 367.2 68.3
2.164 321.3 6 492 148 .4 469.7 6.492 417.5 52.2
4.328 337.2 12984 164.2 501 4 12.984 458.9 42.5
8.656 354.3 25.968 183.9 538 2 25.968 496.1 42.1
21.64 371.4 64.92 192.7 564.1 64.92 524.9 39.2
43.28 385.5 129.84 206.6 592.1 1V 9. 84 552.5 3-1.6
86.56 393.9 25968 2'6.6 610.5 259.68 570.8 39.7
173.13 399.0 519 36 222.6 621.6 519.36 596.6 25.0
346.24 411. 0 1038.72 226.1 637.1 1038.72 621.7 15.4
865.6 420.0 2596.8 234.5 654.5 2596.8 651.0 3.5
1731.1 423.9 5193.6 237.0 670.9 5193.6 675.9 5.0
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Examining the results of the foregoing measurements,
the chief point of interest is the magnitude of the "differ
ences" found. These are quite large in the concentrated
solutions, and in the case of the double bromide of sodium
and cadmium diminish rather slowly with increase of dilu
tion. Indeed at a dilution of 7000 litres, the difference is
still 33 conductivity units. The differences for the double
bromide of ammonium and zinc are large in the more con
centrated solutions, but not so large, for equal dilution, as
for the double bromide of sodium and cadmium. These
differences decrease much more rapidly with increase in
dilution, entirely disappearing at .ibout 1,000 litres.
From the above results the conclusion seems justified,
viz.: that the two double bromides exist, to a considerable
extent, in the more concentrated solutions, and are com
pletely broken down by water only at very great dilutions.
In conclusion, I desire to thank Dr. H. C. Jones for valu
able suggestions and aid in the prosecution of this work.
THE VASCULAR CRYPTOGAMS OF IOWA AND THE
ADJOINING PARTS OF SOUTHEASTERN
MINNESOTA AND WESTERN
WISCONSIN.
BY L. H. PAMMEL AND CHARLOTTE M. KING.
During the past year an excellent paper on Iowa Pteri-
dophyta, by Prof. Shimek, has appeared.
This paper gives the distribution of the Iowa Pterido-
phytes as they are represented in the Herbarium of the
State University of Iowa. The ferns as represented in
our collection somewhat extend the limits and give addi
tional localities of others. It is highly desirable that
precise localities of our ferns be given, as it is a group of
1. Iowa Pteridophyta in the Herbarium of the State University of Iowa. Bull. Lob. of
Nat. Hist, of the State University of Iowa. 5:145-170,213-215. 1301.
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